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ABSTRACT: Cold water therapy, which belongs to hydrotherapy, exposes patients to brief cold water treatments. It enhances
immune function and metabolism while reducing pain from inflammatory conditions. This research examined how cold-water
exposure affects both brain cell integrity and depression-related gene expression patterns in human subjects. The brain cell
cultures were treated with DMEM culture media solution. Then, they were exposed to 4°C temperatures for 5, 15, 30, and 45
minutes under control conditions where untreated cells remained at 37 °C. Then, microscopic imaging was used to examine
cell structure and survival rates. Then, the quantitative PCR was performed to measure CREB and BDNF gene expression
levels. These results showed that cells maintained their morphology and viability after 45 minutes of cold exposure, yet cell size
decreased proportionally to the duration of exposure. The mRNA levels of CREB and BDNF increased substantially (3—4-fold
and 2-3-fold, respectively) in cells exposed to 45 minutes of cold treatment, indicating the activation of stress-protective signaling
pathways. The research demonstrates that properly managed cold-water exposure can protect brain cells while altering depression-
linked molecular markers, which supports its potential use as a depression treatment method.

KEYWORDS: Neuroscience, Cellular and Molecular Neuroscience, Cold Water Therapy, Brain Cell Integrity, Depression-

Related Gene Expression.

B Introduction

Cold water therapy is a form of hydrotherapy treatment that
exposes patients to cold water for a short time.! It is widely
regarded as physiologically beneficial for the human body as
it enhances immune functions and metabolism and alleviates
pain from inflammatory conditions such as muscle tension,
asthma, and rheumatism.? To reduce muscle stiffness, miti-
gate post-exercise damage, and increase strength gains, athletes
frequently treat themselves with cold water immersion thera-
py and cryotherapy.® Accumulated days of cold showers also
provide non-athletes with reductions in general sickness.* Al-
though cold water therapy provides a more exhaustive exposure
to coldness, both cold showers and cold-water therapy allow
the human body to experience the advantages of cold shock to
the body.®

Cold water therapy contains effects beyond just its physical
benefits. Many researchers have suggested cold water therapy
as a potential treatment for depression, one of the most com-
mon yet fatal mental disorders in the world. Although the exact
causes for depression are ambiguous, scientists predict that one
major cause may be the lack of physiological stressors, such as
changes in body temperature. Short-term exposure to coldness
creates anti-depressive effects by activating the sympathetic
nervous system. This mass release of noradrenaline, combined
with the high density of cold receptors, sends many electrical
impulses, diminishing the feeling of persistent sadness, empti-
ness, loneliness, fatigue, and futility.® It is also uncovered that
cold water therapy encourages the release of hormones and
neurotransmitters related to the moderation process of stress,
such as Dopamine, serotonin, cortisol, norepinephrine, and

p-endorphin. Cold water therapy also increases the interaction
between the limbic structures of the brain. The medial and left
rostral prefrontal cortices, left anterior insula, and anterior cin-
gulate cortex begin to engage more frequently, resulting in an
energetic and less distressed state of mind.’

Cell integrity is the unharmed or complete condition of a
cell’s structure and function. Cell injury occurs when cells are
exposed to an overwhelming amount of external or internal
stress to the point where they cannot sustain their lives without
suffering damage. To a certain extent, cell injury is reversible;
however, it eventually transitions to irreparable harm. Consis-
tent or excessive cell injuries may lead to cell death.® Countless
studies have been conducted that address the effect of cold-wa-
ter therapy on muscle cell integrity. Yet, few researchers are
available to investigate the relationship between cold water
therapy and brain cell integrity. Even amongst the small num-
ber of studies related to brain cell integrity, researchers disagree
with each other. Many studies suggest that cold water therapy
is beneficial overall. Treatment such as cold-water swimming
rapidly increases endothelial progenitor cells (EPC) and an-
giogenesis in the blood circulation and hippocampus. This
augmented generation of new vessels, usually active during
cognitive development, improves recovery of cognitive func-
tions previously damaged from brain trauma.’ On the contrary,
many other studies have discovered that exposure to cold water
can alter brain cells, decrease attention span, impair memory,
and slow the response and decision-making speed.”

Current studies that investigate the effect of cold-water
therapy on brain cell integrity and depression face numerous
limitations despite the depth of each study. Many studies have
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experimented with non-human entities, typically rodents such
as mice. Since human brains are larger, have a more compli-
cated structure of the neocortex, and contain a higher number
of specialized regions, the experiment results may not be com-
pletely applicable to humans.'

The studies are also frequently based on qualitative research
done through surveys, observations, and interviews with test
subjects. Although this method is beneficial in obtaining a
general idea of the benefits and drawbacks of cold-water ther-
apy, quantitative methods are necessary to discover the exact
effects on brain cells. There is rarely any practical research
done on brain cell integrity. Moreover, the time and tempera-
ture utilized by each scientist vary. This factor likely leads to
disparities between the results of many experiments, as exces-
sive exposure to stimuli is rarely beneficial for the brain.

This study aimed to investigate the effect of cold-water
therapy on human brain cell integrity and depression. We hy-
pothesized that cold temperatures may enhance the human
brain cell integrity and inhibit the genes associated with de-
pression.

B Methods

Cell culture and maintenance:

A172 human brain glia cells (ATCC) were cultured in Dul-
becco's Modified Eagle Medium (DMEM) supplemented
with 10% Fetal Bovine Serum (FBS), 100 U/mL penicillin,
and 100 pg/mL streptomycin to ensure optimal growth and
prevent microbial contamination. After a four-day interval,
the cells were then incubated at 37°C with 5% CO, for the
respective exposure times. In between each experiment, the cell
culture media were refreshed every 48 hours to provide the
required nutrients.

Cold exposure test condition with microscope imaging:

Before any experiment was done, photos of 8 different cell
samples were taken through the microscope at 40X magni-
fication under standardized illumination settings. Then, two
conditions were prepared for the cold exposure test. A control
condition without cold exposure was maintained at 37°C, and
an experiment group was subjected to cold temperature ex-
posure at 4°C. The exposure durations were varied: 5, 15, 30,
and 45 minutes to analyze the time-dependent effects. The
temperature accuracy was ensured by continuous measurement
with a calibrated digital thermometer. After the cold treat-
ment, the cells were returned to the standard incubator (37°C
with 5% CO;) for a recovery period of three days. After the
recovery, the same imaging condition was used to image for
direct comparison with baseline data.

Cell Viability Analysis subsection:

Cell viability was assessed using the LUNA-FL live cell
counter device following cold exposure. Viable cells were
quantified according to the manufacturer’s protocol, and vi-
ability was expressed as the percentage of live cells relative to
the 37°C control group.

Gene expression analysis:

After imaging, total RNA was then extracted from the con-
trol and experimental groups using quantitative PCR (qPCR)
using the Total RNA extraction kit (Bioneer). RNA yield and
purity were quantified using a NanoDrop spectrophotometer.
The cDNA synthesis kit (Enzynomics) was used to synthesize
cDNA from mRNA. The specific primers targeting CREB
and BDNF were designed based on published sequences.
GAPDH was used as the internal control for normalization.
The gPCR protocol included an initial denaturation step at
95°C for 10 minutes, followed by 40 cycles of 95°C for 15
seconds and 60°C for 10 seconds. All reactions were run in
triplicate to ensure reproducibility.

Image] analysis of agarose gel-based RI-PCR result:

After the amplified bands were produced using agarose
gel electrophoresis, the band intensity was analyzed using
the Image] program. After the band intensity of each band
was quantified, GAPDH intensity was used to normalize the
CREB and BDNF mRNA expression levels.

Statistical analysis:

All data are presented as mean * standard deviation. Sta-
tistical comparisons between two groups were performed
using an unpaired two-tailed Student’s t-test. For comparisons
involving more than two groups or multiple time points, a
one-way ANOVA followed by Tukey’s post-hoc test was used.
A p-value of < 0.05 was considered statistically significant.
All experiments were performed using three independent bi-
ological replicates, and each measurement was obtained from
triplicate technical replicates unless otherwise stated.

B Results and Discussion
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Figure 1: Cold exposure for up to 45 minutes showed no change in cell
morphology and viability. The cell image and cell viability of brain cells
with the control condition (without cold exposure) and cold exposure (cold
exposure at 4 °C) for 5,15, 30, and 45 min (Scale bar = 1000 pm). This result
confirms that cold exposure for up to 45 minutes does not impair brain cell
survival or basic structural integrity, establishing it as a safe window for further

molecular investigation.
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Since exposure time is one of the significant variables af-
fecting brain cell conditions, the optimal cold exposure time
must be tested. This experiment aimed to discover the optimal
time for cold water exposure that has no effect on cell viability
but has a positive effect on maintaining brain integrity. The
brain cells were induced at 5, 15, 30, and 45 minutes each. Cell
images were captured using a microscope before and after the
cold exposure to measure the cell viability. Both cold-exposure
cells and control cells were measured after each time interval
to compare the overall cell integrity. Based on the cell images
taken through the microscope, no significant morphological
change was observed in the cells after the experiment (Figure
1). The cell viability remained relatively similar throughout
the experiment as well. The control group’s cell viability was
approximately 97.3%, with data collection of 97.7%, 97.3%,
96.7%, and 97.6% chronologically. The lowest was 93.9%, and
the highest was 96.2%, and there were no significant fluctu-
ations in the cell viability for the four cold exposure sample
groups either. The sample that was exposed to the cold for the
longest time, 45 minutes, showed only a 0.1% difference in
average cell viability (95.5%). Barely any change was observed
in the cell morphology and viability between the cold exposure
group and the control group at four time intervals. Thus, it is
concluded that a 45-minute cold exposure time is optimal for
further experiments as it maximizes the time the cell is ex-
posed to the cold while keeping the cell integrity unchanged.
Cold exposure therapy has no effect on brain cell morphology
and viability for durations up to 45 minutes.
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Figure 2: Cold exposure for 45 minutes showed a visible change in cell
integrity. The cell image and size comparison graph of brain cells with the
control condition (without cold exposure) and cold exposure (cold exposure
at 4 °C) (Scale bar = 1000 pm). These results demonstrate a significant, time-
dependent reduction in glial cell size following 4°C exposure. While the
control group maintained a mean size of pm, the 45-minute treatment group
decreased to pm (p < 0.0001), suggesting structural adaptation to thermal
stress without a loss in overall cell viability. All quantitative data are now
reported as mean * standard deviation together with corresponding p-values.
At 5 minutes, no meaningful difference was observed between the control and
cold-exposed groups (30.2 + 0.2 pm vs. 30.1 + 0.2 pm). At 15 minutes, the
cold-exposed group showed a modest but significant decrease in mean cell
size compared with the control group (28.1 + 0.3 pm vs. 29.6 + 0.6 pm, p =
0.0369). This reduction became more pronounced at 30 minutes (25.0 + 0.4
pm vs. 30.5 + 0.7 pm, p < 0.0001) and 45 minutes (22.7 + 0.2 pm vs. 31.3 =
0.3 pm, p < 0.0001).

Since no changes were observed in the cell morphology and
viability in the cell under 45 minutes of cold exposure time,
this experiment aimed to evaluate the proper effects of cold
exposure on the cell integrity, specifically the cell size. As the

exposure time increases, there is a significant visible and sta-
tistical change in the size of each brain cell (Figure 2). The
general cell size of the control group is about 30.4 pm, with
data of 30.2 pm, 29.6 pm, 30.5 pm, and 31.3 pm. At 5 min-
utes, the control and experimental samples have only a 0.1
pum difference. After 15 minutes, the experimental sample’s
cell size decreases by 2 pm from the size at 5-minute expo-
sure (p=0.0369). At 30 minutes, the sample decreases again by
3.1um (p<0.0001), and finally at 45 minutes, the sample size
decreases by 2.3 um from the previous data, leaving the final
cell size of the cold exposure cell as 22.7 pm (p<0.0001). In
comparison, the final cell size of the control cell is 31.3 pm.
The experiment data show that exposure to the cold decreas-
es cell size, impacting cell integrity. The observed pattern of
cell size decreasing as cold exposure time increases establishes
the credibility of the experimental data. This experiment con-
cludes that 45 minutes is the optimal time for cold exposure, as
no changes are observed in cell morphology and viability. Yet,
it makes the most impact on cell integrity.
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Figure 3: Cold exposure increases CREB and BDNF expression in brain
cells. (Left) Representative RT-PCR gel images showing CREB, BDNE, and
GAPDH expression levels in control and cold-exposed (45 min) brain cells.
(Right) Quantification of CREB and BDNF expression levels normalized
to GAPDH. RT-qPCR analysis reveals that 45 minutes of exposure to 4°C
significantly upregulates depression-linked markers, specifically increasing
CREB expression by 3-4-fold (p = 0.0023) and BDNF expression by 2-3-
fold (p = 0.0364) compared to 37°C controls.

The RT-qPCR analysis showed a significant upregulation
of CREB and BDNF mRNA levels after cold exposure in
brain cells (Figure 3). Simultaneously, the CREB expression
increased approximately 3—4-fold (p = 0.0023), while BDNF
expression increased 2—-3-fold (p = 0.0364) compared to con-
trols. Normalization to GAPDH confirmed the reliability of
these findings. These results ultimately indicate that cold ex-
posure activates the CREB/BDNF signaling pathway in brain
cells.

CREB and BDNF are crucial in depression research as
BDNF supports neuroplasticity, neuronal survival, and syn-
aptic remodeling, while CREB is a transcription factor that
regulates BDNF expression and is involved in antidepressant
mechanisms. Thus, depression is associated with low BDNF
and impaired CREB signaling in brain regions like the hip-
pocampus. Cold exposure may exert antidepressant effects by
enhancing neuroplasticity, which is visible through CREB ac-
tivity. The increase in CREB activity likely promotes BDNF

transcription, improving neuronal function. Cold exposure
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may also be a mild stressor that triggers adaptive neuroprotec-
tive mechanisms (hormesis). Similar mechanisms have been
observed with antidepressant treatments, which also upregu-

late CREB and BDNFE.

Cold Exposure Alleviates Depression Symptoms
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Figure 4: Summary illustration of the mechanisms by which cold exposure
may alleviate depression symptoms. Cold exposure induces brain cell changes
that contribute to several neurobiological benefits relevant to mental health.
These include: (1) Neuroplasticity Changes, enhancing brain adaptability and
resilience to stress; (2) Gene Expression, modulating genes associated with
depression; (3) Inflammation Reduction, decreasing systemic and neural
inflammatory responses often linked to depressive symptoms; and (4) Therapy
Complement, serving as an adjunct to conventional depression treatments by
reinforcing their therapeutic effects. This visual encapsulates the multifaceted
benefits of cold therapy and links molecular and cellular responses to broader
psychological improvements.

Despite the promising findings of this research, its limita-
tions must be acknowledged. First, while A172 human glial
cells present a close representation of human behavior, they
are not an exact reflection of the actual brain. The intricate
structure of the brain, including the cellular networks in each
region, allows for potential errors. Secondly, this study uses a
restricted methodology, such as a limited duration (45 min-
utes), a single temperature as the cold exposure setup, and only
investigating short-term effects. Whether different thermal
conditions would produce varying results in this experiment is
unknown. Thirdly, as depression is a polygenic disorder, only
utilizing BDNF and CREB genes as key markers leaves the
potential effects of cold exposure underexplored.

Going forward, future studies should address these gaps by
replicating these findings in i7 vivo models using rodents, then
humans, to validate whether the observed molecular changes
translate to behavioral antidepressant effects. Broader tem-
perature and exposure duration ranges must be tested, as well
as replication of the experiment over time to examine the long-
term effects of repeated cold exposure. Moreover, investigating
the effects on additional depression-associated markers, such
as serotonin transporter expression, Solute Carrier Family 6
Member (SLC6A4), Tryptophan hydroxylase 2 (TPH2), and
FK506 Binding Protein 5 (FKBPS5), will be necessary to fully

assess the extent of cold water exposure’s benefits.

B Conclusion
This study indicates that controlled cold temperature ex-
posure does not adversely affect A172 human brain cell

morphology or viability even after 45 minutes of cold tem-
perature treatment. Instead, it induces a measurable reduction
in cell size. Also, a significant upregulation of CREB and
BDNF gene expression was observed in cells exposed to cold
temperatures. This suggests the activation of neuroprotective
and neuroplasticity-related pathways. These molecular chang-
es show that cold water therapy could trigger adaptive stress
responses that may control depressive symptoms by enhancing
neuronal integrity and functions (Figure 4).

These findings provide a promising mechanistic insight
into the potential role of cold-water therapy as a treatment
for depression. However, these controlled in vifro conditions
limit application to human subjects. Therefore, future re-
search should focus on replicating these findings in mouse
experiments. Also, the long-term effects of cold exposure and
elucidating the underlying molecular pathways need to be an-

alyzed further.

® Acknowledgments
I want to thank Prof. Woo Rin Lee from the University of
Suwon for his guidance and support for this research paper.

B References

1. De Nardi, M.; La Torre, A.; Barassi, A.; Ricci, C.; Banfi, G. Ef-
fects of Cold-Water Immersion and Contrast-Water Therapy after
Training in Young Soccer Players. J. Sports Med. Phys. Fitness 2011,
51 (4),609-615.

2. Esperland, D.; de Weerd, L.; Mercer, J. B. Health Effects of
Voluntary Exposure to Cold Water - a Continuing Subject of
Debate. Int. J. Circumpolar Health 2022, 81 (1), 2111789. DOI:
10.1080/22423982.2022.2111789.

3. Roberts, L. A.; Raastad, T.; Markworth, J. F; Figueiredo, V. C,;
Egner, I. M.; Shield, A.; Cameron-Smith, D.; Coombes, J. S.;
Peake, J. M. Post-Exercise Cold Water Immersion Attenuates
Acute Anabolic Signalling and Long-Term Adaptations in Muscle
to Strength Training. J Physio/ (Lond) 2015, 593 (18), 4285-4301.
DOI: 10.1113/JP270570.

4.Buijze, G. A; Sierevelt, I. N.; van der Heijden, B. C.J. M.; Dijkgraaf,
M. G; Frings-Dresen, M. H. W. The Effect of Cold Showering
on Health and Work: A Randomized Controlled Trial. PLoS ONE
2016, 11 (9),0161749. DOL: 10.1371/journal.pone.0161749.

5. El-Ansary, M. R. M,; El-Ansary, A. R.; Said, S. M.; Abdel-Ha-
keem, M. A. Regular Cold Shower Exposure Modulates Humoral
and Cell-Mediated Immunity in Healthy Individuals. J. Zherm.
Biol. 2024, 125,103971. DOI: 10.1016/j.jtherbio.2024.103971.

6. Shevchuk, N. A. Adapted Cold Shower as a Potential Treatment
for Depression. Med. Hypotheses 2008, 70 (5), 995-1001. DOI:
10.1016/j.mehy.2007.04.052.

7. Lépez-Ojeda, W.; Hurley, R. A. Cold-Water Immersion: Neuro-
hormesis and Possible Implications for Clinical Neurosciences. /.
Neuropsychiatry Clin. Neurosci. 2024, 36 (3), A4-177.DOI: 10.1176/
appi.neuropsych.20240053.

8. Batista Napotnik, T.; Polajzer, T.; Miklav¢i¢, D. Cell Death Due to
Electroporation - A Review. Bioelectrochemistry 2021, 141, 107871.
DOI: 10.1016/j.bioelechem.2021.107871.

9.Zhou,Z.-W,; Li,Y.-D.; Gao, W.-W.; Chen, J.-L.; Yue, S.-Y.; Zhang,
J.-N. Cold Water Swimming Pretreatment Reduces Cognitive
Deficits in a Rat Model of Traumatic Brain Injury. Neural Regen.
Res. 2017, 12 (8),1322-1328. DOI: 10.4103/1673-5374.213553.

DOI: 10.36838/IJHSR813.54

57



ijhighschoolresearch.org

10. Wong, H. H.-W.; Chou, C. Y. C.; Watt, A.].; Sjostrom, P.J. Com-
paring Mouse and Human Brains. eLife 2023, 12. DOI: 10.7554/
eLife.90017.

® Author

Evelyn Kim is a rising sophomore at Episcopal High School.
She is passionate about merging her artistic ability with her
scientific inquiries using interdisciplinary studies and is inter-
ested in pursuing a career in the field of neuroscience.

58

DOI: 10.36838/IJHSR813.54



